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[Name of Document] Specification 
[Title of the Invention] 

Recording/Reproducing Separated Type Magnetic Head 
[What is Claimed is] 
[Claim 1] 

A recording/ reproducing separated type magnetic head 
comprising: 

a reproducing head having a reproducing element, said 
reproducing element being disposed by way of an insulating 
layer formed between a lower magnetic shield disposed on a 
substrate and an upper magnetic shield; and 

a recording head including a lower magnetic pole 
disposed adjacent to said reproducing head and formed with a 
protrusion at one end of the lower magnetic pole, an upper 
magnetic pole disposed by way of a magnetic gap layer over the 
lower magnetic pole, said upper magnetic pole providing a 
magnetic gap at one end portion including the protrusion, said, 
upper magnetic pole being connected with the lower magnetic 
pole on the side opposite to the magnetic gap, and conductor 
coils disposed by way of another insulating layer formed 
between the upper magnetic pole and the lower magnetic pole. 
[Claim 2] 

A recording/ reproducing separated type magnetic head 
comprising: 

a reproducing head having a reproducing element, said 



reproducing element being disposed by way of an insulating 
layer formed between a lower magnetic shield disposed on a 
substrate and an upper magnetic shield; and 

a recording head including a lower magnetic . pole 
disposed adjacent to said reproducing head and formed with a 
protrusion at one end of the lower magnetic pole with opposite 
corners in an upper portion of said protrusion being removed, 
an upper magnetic pole disposed by way of a magnetic gap layer 
over the lower magnetic pole, said upper magnetic pole 
providing a magnetic gap at one end portion including the 
protrusion, said upper magnetic pole being connected with the 
lower magnetic pole on the side opposite to the magnetic gap, 
and conductor coils disposed by way of another insulating 
layer formed between the upper magnetic pole and the lower 
magnetic pole. 
[Claim 3] 

A recording/ reproducing separated type magnetic head 
comprising: 

a reproducing head having a reproducing element, said 
reproducing element being disposed by way of an insulating 
layer formed between a lower magnetic shield disposed on a 
substrate and an upper magnetic shield; and 

a recording head including a lower magnetic pole 
disposed adjacent to said reproducing head, a lower magnetic 
pole front end layer disposed on one end of the lower magnetic 



pole and formed with a protrusion on one end . of the lower 
magnetic pole front end layer, a lower magnetic pole rear end 
layer disposed on the other end of the lower magnetic pole, a 
non-magnetic insulating layer that fills a portion between the 
lower magnetic pole rear end layer and the lower magnetic pole 
front end layer, an upper magnetic pole disposed by way of a 
magnetic gap layer above the lower magnetic pole front end 
layer, the non-magnetic insulating layer and the lower 
magnetic pole rear end layer, said upper magnetic pole 
providing a magnetic gap at one end portion including the 
protrusion, said upper magnetic pole being connected with the 
lower magnetic pole rear end layer, and conductor coils 
disposed by way of another insulating layer formed between the 
upper magnetic pole and the lower, magnetic pole. 
[Claim 4] 

A recording/ reproducing separated type^ magnetic head 
comprising: 

a recording head having a reproducing element, said 
reproducing element being disposed by way of an insulating 
layer formed between a lower magnetic shield disposed on a 
substrate and an upper magnetic shield; and 

a recording head including a lower magnetic pole 
disposed adjacent to said recording head, a lower magnetic 
pole front end layer having a plurality of layers disposed on 
one end of the lower magnetic pole, said lower magnetic pole 



front end layer being formed with a protrusion on one end of 
the uppermost layer thereof, a lower magnetic pole rear end 
layer disposed on the other end of the lower magnetic pole, a 
non-magnetic insulating layer that fills a portion between the 
lower magnetic pole rear end layer and the lower magnetic pole 
front end layer, an upper magnetic pole disposed by way of a 
magnetic gap layer above the lower magnetic pole front end 
layer, the non-magnetic insulating layer and the lower 
magnetic pole rear end layer, said upper magnetic pole 
providing a magnetic gap at one end portion including the 
protrusion, said upper magnetic pole being connected with the 
lower magnetic pole rear end layer, and conductor coils 
disposed by way of another insulating layer formed between the 
upper magnetic pole and the lower magnetic pole. 
[Claim 5] 

A recording/ reproducing separated type magnetic head 
according to any one of claims 1 to 4 , wherein a second 
protrusion is formed on one end portion including the 
protrusion formed on the lower magnetic pole or the lower 
magnetic pole front end layer but at a portion opposing to the 
upper magnetic pole. 
[Claim 6] 

A recording/reproducing separated type magnetic head 
according to any one of claims 3 to 5, wherein said upper 
magnetic pole has an upper magnetic pole front end layer 



located at a portion providing the. magnetic gap, an upper 
magnetic pole upper layer in contiguous with the upper 
magnetic layer front end layer, and an upper magnetic pole 
rear end layer in contiguous with the upper magnetic pole 
upper layer and connected to the lower magnetic pole rear end 
layer. 

[Claim 7] 

A recording/ reproducing separated type magnetic head 
according to any one of claims* 1 to 6, wherein the depth of 
the protrusion formed on the lower magnetic pole or the lower 
magnetic pole front end layer is from 0.01 jam to 1.0 (im. 
[Claim 8] 

A recording/ reproducing separated type magnetic head 
according to any one of claims 5 to 7, wherein the width for 
the protrusion formed on the lower magnetic pole or the lower 
magnetic pole front end layer is from 0.26 |im to 0 . 6 Jim, and 
the width for the second protrusion at least has a track width 

[Claim 9] , 

A recording/ reproducing separated type magnetic head 
according to any one of claims 1 to 8, wherein the conductor 
coils are stacked by two or more layers and each of the 
conductor coils are connected in series at the end. 

[Claim 10] 

A recording/ reproducing separated type magnetic head 
according to any one of claims 6 to 9, wherein the conductor 



coils are constituted with two layers and the lower layer 
conductor coils are disposed between the upper magnetic pole 
front end layer and the upper magnetic pole rear end layer. 
[Claim 11] 

A recording/ reproducing separated type magnetic head 
according to any one of claims 6 to 9, wherein the conductor 
coils are constituted with two layers, the lower layer 
conductor coils are disposed between the lower magnetic pole 
front end layer and the lower magnetic pole rear end layer, . 
and the upper layer conductor coils are disposed between the 
upper magnetic pole front end layer and the upper magnetic 
layer rear end layer. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 
The present invention relates to a 
recording/ reproducing separated type magnetic head for use in 
magnetic recording disk drives and, in particular, it relates 
to a thin film recording head having, a narrow track width used 
at high density recording and high track pitch. 
[0002] 

[Prior Art] 

In recent years, along with the improvement in the 
recording density in magnetic recording disk drives, there- has 
been strongly demanded the improvement in the performance of 



recording media, as well as the development of thin film 
magnetic head excellent in recording/reproducing 
characteristics. At present, heads using MR (Magnetic 
Resistive Effect) elements or GMR (Giant Magnetic Resistive 
Effect) elements capable of obtaining high read output are 
used as the recording head. Further, TMR (Tunnel Magnetic 
Resistance) elements capable of obtaining further higher 
reproducing sensitivity have also been developed. On the 
other hand, existent induction type thin film recording heads 
utilizing electromagnetic induction are used for the recording 
head, and recording/ reproducing separated type thin film . 
magnetic heads in which the recording head and the wiring head 
are formed integrally as described above are used. 
[0003] • 

To improve the recording characteristics of the thin 
film recording head, it is necessary to generate strong and 
sharp recording magnetic fields for effective recording to 
recording media at high coercivity. However, magnetic 
saturation is caused in the magnetic pole front end of the 
thin film recording head due to decrease of the track width 
along with the improvement in the track density, resulting. in 
a problem of lowering the recording magnetic fields. Further, 
there is a problem that the recording magnetic fields should 
leak not only for the track width but also to adjacent track 
portions. 
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[0004] 

An existent thin film magnetic head has a structure as 
described in Fig. 2 of the Patent Document 1, in which an 
upper magnetic pole is separated into an upper magnetic pole 
front end layer and an upper magnetic pole upper layer. In 
this structure, as shown in Fig. 3, a lower magnetic shield 2 
made of a soft magnetic material for improving resolution upon 
reproducing and eliminating the effects of external magnetic 
fields is disposed on a substrate 1 made of a non-magnetic 
material, a reproducing gap 3 made of a non-magnetic 
insulative material is disposed on the lower magnetic shield 2, 
and a reproducing element 4 comprising an MR or GMR element is 
disposed in the reproducing gap 3 . A lower magnetic pole 5 
made of a soft magnetic material used also as an upper 
magnetic shield is disposed on the reproducing gap 3 and, 
further, a recording gap layer 6 is disposed. A depth 
defining non-magnetic layer 7 for defining the gap depth is 
disposed on the gap layer 6 and, further, an upper magnetic 
pole front end layer 8 and an upper magnetic layer rear end , 
layer 9 are disposed and a gap therebetween is filled and 
planarized with a non-magnetic insulating layer 10. A coil 
insulating layer 11 is disposed on the surface planarized, and 
lower conductor coils 12 and upper conductor coils 12 1 are 
disposed in the coil insulating layer 11. The conductor coils 
may sometimes consist of only one layer. Further, an upper 



9 



magnetic pole upper layer 13 is disposed and the entire head 

is protected by a protection layer 14 . 

[0005] 

The width for the upper magnetic pole front end layer 8 
on the air bearing surface 15 is formed in a width 
corresponding to a track width. The conductor coils 12, 12' 
are constituted so as to surround the rear end 16 of the upper 
magnetic pole upper layer. Application of a recording current 
to the conductor coils 12, 12 1 induces magnetic fluxes- in the 
upper magnetic pole upper layer 13, the upper magnetic pole 
rear end layer 9 and the lower magnetic pole 5 and records 
signals in a recording medium 17 that runs spaced apart by a 
minute distance from the air bearing surface 15 by recording 
magnetic fields generated from the front end of the recording 
gap. Magnetic fluxes are concentrated from the lower magnetic 
pole 5 in the vicinity of the recording gap to generate high 
recording magnetic fields. The length in which the upper 
magnetic front end layer ,8 is in contact with the recording 
gap layer 6 is referred to as a gap depth Gd, and the 
recording magnetic fields increase as the gap depth decreases 
since the magnetic fluxes are concentrated to the magnetic 
pole gap end. 
[0006] 

Further, as a method of improving the accuracy upon 
forming the narrow track, a recording/ reproducing separated 
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type thin film magnetic head shown in Fig. 4 is proposed in 
Patent Document 2. For the head proposed, a lower magnetic" 
pole front end layer 19 and a lower magnetic pole rear end 
layer 20 are disposed on a lower magnetic pole main layer 18 
and a gap therebetween is filled and planarized with a lower 
non-magnetic insulating layer 21, to form a recording gap 
layer 6, and then a resist frame is prepared on the planar 
surface to form an upper magnetic pole front end layer 8. 
Thus, a -narrow track width can be formed with high accuracy. 
[0007] 

Fig. 5 shows a perspective view for the head front end 
of the recording/ reproducing separated type thin film magnetic 
field shown in Fig. 4. In both, of the thin film magnetic head 
shown in Fig. 3 and Fig. 4, a trimmed portion 22 having a 
width substantially equal to a track width Tw is formed at the 
front end of the lower magnetic pole 5 and the lower magnetic 
pole front end layer 18, thereby decreasing so-called fringe 
magnetic fields that leak to the outside of the track width Tw 
[0008] 

Patent document 1 

Japanese Patent Laid-Open 2000-276707 
(pages. 7-8, Fig. 2) 
Patent document 2 

Japanese Patent Laid-Open 2002-157705 
(page 3, Figs. 1-2) 
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[0009] 

[Problem to be Solved by the Invention] 

In the prior art described above, the lower magnetic 
pole 5 or the lower magnetic pole front end layer 19 is 
subjected to ion milling or reactive ion etching using the 
track forming portion of the magnetic pole front end layer 8 
as a mask to form the trimmed portion 22. Accordingly, the 
height Tr for the trimmed portion 22 is limited to about 2 to 
3 times the recording gap and it is extremely difficult to 
increase the height of the trimmed portion 22 in view of 
manufacture. Therefore, it is difficult to effectively 
decrease the magnetic fields that leak to the outside of the 
track width to possibly record surplus signals on adjacent 
tracks or gradually erase recorded signals in the adjacent 
tracks due to a great number of times of recording operations 
along with decrease in the track pitch. 
[0010] 

An object of the present invention is to provide a 
recording/reproducing separated type magnetic head capable of 
greatly decreasing off-track leakage magnetic fields in a thin 
film recording head, thereby attaining a narrow track pitch. 
[0011] 

[Means for Solving the Problem] 

To attain the foregoing object, in a 
recording/ reproducing separated type magnetic head according 
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to the present invention, a protrusion having a width equal to 
or slightly larger than the track width and protruding on the 
side of a air bearing surface is disposed to a lower magnetic 
pole or a lower magnetic pole front end layer, and the lower 
magnetic pole or the lower magnetic pole front end layer other 
than the protrusion is retracted from the air bearing surface. 
With such a constitution, since the upper end surface of the 
lower magnetic pole or the lower magnetic pole front end layer 
where leakage magnetic fields for the off-track portion will 
be generated is not exposed to the air bearing surface, 
leakage magnetic fields for the off-track portion can be 
decreased greatly. 
[0012] 

In a case of forming a track width portion of the upper 
magnetic pole front end layer at the protrusion formed on the 
lower magnetic pole or the lower magnetic pole front end layer, 
it is difficult to perform positional alignment between the 
protrusion and the track width portion of the upper magnetic 
pole front end layer. It is preferred that the width for the 
protrusion and the track width for the upper magnetic pole 
front end layer are identical to obtain a recording magnetic 
field distribution with less off -track leakage magnetic fields. 
However, the positional alignment is difficult, resulting in 
displacement of the track width between the upper magnetic 
field and the lower magnetic field to possibly decrease the 
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effective track width and the recording magnetic fields. In 
the thin film recording head of the recording/reproducing 
separated type magnetic head according to the invention, the 
width for the protrusion disposed on the lower magnetic pole 
or the lower magnetic pole front end layer is set larger than 
the track width for the upper magnetic pole front end layer, 
the track portion of the upper magnetic pole front end layer 
is formed thereon and then a portion larger than the track 
width for the protrusion is removed by ion milling or reactive 
ion etching using the track width portion of the upper 
magnetic front end layer as a mask to form a trimmed portion, 
thereby preventing displacement of the track width between the 
lower magnetic pole and the upper magnetic pole. In this case, 
by defining the initial width for the protrusion to an 
appropriate value relative to the track width, positional 
alignment of the track is possible and the off -track leakage 
magnetic fields can also be decreased. 
[0013] 

Further, in the thin film recording head of the 
recording/ reproducing separated type magnetic head according 
to the invention, upper end corners other than the portion 
constituting the track width for the protrusion are removed. 
This permits the off-track' leakage magnetic fields to be 
decreased even when the width for the protrusion is increased. 
[0014] 
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[Mode for Carrying out the Invention] 

The present invention is to be described more 

specifically by way of embodiments. 

[First Embodiment] , [Second Embodiment] 

Fig. 1 shows a perspective view of a portion near the 

front end of a thin film recording head of a 

recording/ reproducing separated type magnetic head according 
to a first embodiment the invention. The structure for the 
head cross section is identical with that in Fig. 4. In the 
drawing, a lower magnetic pole main layer 18, a lower magnetic 
pole front end layer 19, an upper magnetic pole front end 
layer 8, and an upper magnetic pole upper layer 13 are shown 
while a magnetic shield, conductor coils, insulating layers 
and a protection film are not illustrated. A protrusion 24 
having a width substantially equal to a track width Tw is 
disposed on a portion of the lower magnetic pole front end 
layer 19. In this case, the lower magnetic pole front end 
layer 19 other than the protrusion 24 is disposed at a 
position spaced apart by a depth Lpfd from the air bearing 
surface. Further, Fig. 2 shows a thin film recording head 
according to a second embodiment of the invention. A 
protrusion 24 having a width Lpfw larger than the track width 
Tw is disposed on a portion of the lower magnetic pole top 
layer 19, and the lower magnetic pole front end layer 19 other 
than the protrusion 24 is retracted by a distance Lpfd from 
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the air bearing surface. 
[0015] 

Off- track leakage magnetic fields formed by the 
constitution described above were determined by using computer 
simulation. In the head structure shown in Fig. 1 and Fig. 2, 
it is defined as: track width Tw = 0.25 |Ltm, recording gap 
length GL = 0 . 1 fim, gap depth Gd = 1 JLlm, trim height Tr = 0.22 
Jim, lower magnetic pole height Lp2h = 1.5 (Ltm, upper magnetic 
pole restriction position Ly = 1 fim, lower magnetic pole main 
layer thickness Lplt = 2 |im, upper magnetic pole front end 
layer thickness Uplt = 1.5 |um, and upper magnetic pole upper 
layer thickness Up2t = 2 Jim. As the magnetic material for the 
thin film recording head, 45Ni-Fe (saturation magnetic flux . 
density Bs = 1.68.T) was used for the lower magnetic pole main 
layer 18 and the upper magnetic pole upper layer 13, and 
CoNiFe film (Bs = 2.2T) was used for the lower magnetic pole . 
front end layer 19 and the upper magnetic layer front end 
layer 8. Magnetomotive force was 0.54AT. Further, an 
existent thin film recording head, as a comparative example, 
shown in Fig. 5 was manufactured by using the same size and 
identical magnetic material other than those for the 
protrusion 24 . 
[0016] 

Fig. 6 shows the distribution of leakage magnetic 
fields Hxz in the off-track direction when the width Lpfw for 
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the protrusion 24 is 0.25 |Llm which is identical with the track 
width Tw. Z represents the direction for the track width, Z = 
0 represents the center for the track width, and Hxz is a 
vectorial sum for the magnetic field component Hx in the head 
running direction and the magnetic field component Hz in the 
track width direction, showing a maximum value at each Z 
position when the head running direction X is changed. As 
shown in the drawing, at Lpfd = 0, that is, with no provision 
of the protrusion 24 (prior art, shown in Fig. 5) , the 
magnetic field at the off -track position Z = 0.5 flm is as high 
as about 32 0 kA/m (4000 Oe) and the magnetic fields are not 
decayed so much even when Z increases further. On the other 
hand, when the protrusion 24 is formed as in the thin film 
recording head of the first embodiment, magnetic fields in 
off -track decrease greatly in any case from 0.15 |im to 0.5 |im 
of Lpfd, and the magnetic fields at Z = 0.5 JLLm is 220 kA/m 
(2750 Oe) or less. 
[0017] 

As described above, in the head shown in Fig. 5 with no 
protrusion 24, since leakage magnetic fluxes flow from the 
upper magnetic pole front end layer 8 to the upper end surface 
23 of the lower magnetic pole front end layer 19, relatively 
high leakage magnetic fields Hxz are generated at the position 
for the air bearing surface of the upper end surface 23 of the 
lower magnetic pole front end layer. On the other hand, the 
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thin film recording head of the first embodiment shown in Fig. 
1 is such that the upper end surface 23 of the lower magnetic 
pole front end layer 19 is spaced apart from the air bearing 
surface 15, the off -track -leakage -magnetic fields Hxz on the 
air bearing surface are greatly decayed. The lowering of the 
off -track leakage magnetic fields allows great decrease of the 
phenomenon that the signals recorded in adjacent tracks are 
eliminated and decayed, making it possible to provide a 
magnetic recording drive of a narrow track pitch. 
[0018] 

As described above, a thin film recording head greatly 
decreasing the off -track leakage magnetic fields Hxz can be 
provided by the constitution shown in Fig. 1. To manufacture 
the thin film recording head in Fig. 1, the protrusion 24 is 
formed by ion milling using the upper magnetic pole front end 
layer 8 as a mask, for which it is necessary to greatly 
increase the fabrication depth as compared with formation of 
the trimmed portion 22. Accordingly, a lower magnetic pole 
front end layer 19 provided with the protrusion 24 in advance 
is formed, on which the upper magnetic pole front end layer 8 
is formed.' The upper magnetic pole front end layer 8 is 
formed as follows: a resist is coated on a recording gap layer 
6 on the lower magnetic field front end layer 19, a portion to 
be formed into the . shape of the lower magnetic pole front end 
layer 19 is removed by exposure through the mask and 
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development; and, further, . a magnetic layer to serve as the 
upper magnetic pole front end layer 8 is formed at the removed 
portion by a plating method. 
[0019] 

In the second embodiment of the invention shown in Fig. 
2, the width Lpfw for the protrusion 24 is formed larger than 
the track width Tw. After forming the upper magnetic pole 
front end layer 8 above the protrusion 24, a trimmed portion 
22 is formed by ion milling or the like using the track 
portion of the upper magnetic pole front end layer 8 as a mask 
so that the width for the trimmed portion 22 of the lower 
magnetic pole front end layer 19 is substantially equal to the 
track width Tw for the upper magnetic pole front end layer 8. 
Other constitutions are identical with those in the first 
embodiment . 
[0020] 

Fig. 7 shows the change of the off -track leakage 
magnetic fields Hxz when the width Lpfw for the protrusion 24 
of the lower magnetic pole front end layer 19 is changed. It 
is defined as: Lpfd = 0.15 Jim. As shown in the drawing, even 
when Lpfw is made larger by 0.35 |im than the track width ( = 
0.25 |im) , that is, set to 0.6 |Llm which is 2.4 times as large 
as thereof, the decreasing effect for the off -track leakage 
magnetic fields Hxz can be maintained. In a case where it is 
increased to 0 . 8 Jim which is larger by 0.55 Jim, that is, 3.2 
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times as large as the track width (0.8 ]nm) , off -track leakage 
magnetic fields Hxz increase partially as compared with a case 
of: Lpdf = 0, that is, with no provision of the protrusion 24. 
[0021] 

According to the thin film recording head of the second 
embodiment of the invention, if the width for the protrusion 
24 of the lower magnetic pole front end layer 19 is increased 
to 2.4 times as large as the track width Tw, it is possible to 
absorb alignment error between the track width Tw for the 
upper magnetic pole front end layer 8 and the protrusion 24 
and decrease the off track leakage magnetic fields Hxz. 
[0022] 

As described above, so long as the width Lpfw for the 
protrusion 24 is not more than 2.4 times the track width Tw, 
the effect of decreasing the off-track leakage magnetic fields 
Hxz can be obtained. Then, the effect is obtainable when the 
retraction amount Lpfd of the lower magnetic pole front end 
layer 19 other than the protrusion 24 from the air bearing 
surface 15 is a value exceeding zero, and a substantial effect 
is observed when it is 0.01 Jim or more. Further, when Lpfd 
increases, while the effect of decreasing the off-track 
leakage magnetic fields Hxz increases, the recording magnetic 
fields at the track center tend to be lowered. In order to 
prevent this tendency it is preferably 1 |im or less and, 
desirably, 0.5 Jim or less. 



[0023] 

The thin film magnetic head may include such a 
constitution that the width for the lower magnetic pole main 
layer 18 or the lower magnetic pole front end layer 19 and the 
width for the upper magnetic pole main .layer 13 or the upper 
magnetic pole front end layer 8 are made substantially equal 
from the air bearing surface 15 toward the direction of the 
depth thereof . However, the width for the lower magnetic pole 
main layer 18 or the lower magnetic pole front end layer 19 is 
basically constituted to be larger than the track width Tw arid 
the width Lpfw for the protrusion 24 from the rear .part of the 
head in the vicinity of the air bearing surface in the thin 
film recording head of the embodiment described above. This 
provides a feature in preventing lowering of the recording 
magnetic fields. Specifically, the width for the lower 
magnetic pole main layer 18 or the lower magnetic pole front 
end layer 19 is larger than the track width Tw and the width 
Lpfw for the protrusion 24 at the position spaced apart by 
Lpfd or more from the air bearing surface and equals the width 
for the protrusion 24 at the position spaced apart by Lpfd or 
less . 
[0024] 

[Third Embodiment] 

Fig. 8 shows a thin film recording head of a 
recording/ reproducing separated type magnetic head according 
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to a third embodiment of the invention. In the third 

embodiment, a protrusion 24 is removed at upper end corners 25 

\ 

for a width AW and. a depth Ah in order to make the width for 
the protrusion 24 larger so as to readily absorb alignment' 
error relative to the upper magnetic pole front end layer 8. 
Since other constitutions are identical with those in Fig. 2, 
they are not illustrated. Fig. 9 shows off -track leakage 
( magnetic fields Hxz at: Lpfd = 0.15 |im and Lpfw = 0.8 |im. As 

shown by the graph, the off-track leakage magnetic fields Hxz 
can be decreased by making Aw and Ah larger as compared with 
the case of: Aw = 0 and Ah = 0 . Accordingly, in the thin film 
recording head of the second embodiment shown in Fig. 2, even 
when the width Lpfw for the protrusion 24- is made at Lpfw = 
0.8 ^im which is larger by 0.55 |LUn than the track width Tw, the 
off-track leakage magnetic fields Hxz can be decreased by 
removing the upper end corners 25 of the protrusion 25. 
( Accordingly, the width Lpfw for the protrusion 24 can be 

increased and the positional alignment can be made easily with 
respect to the track portion of the upper magnetic pole front 
end layer 8 . 
[0025] 

Fig. 10 and Fig. 11 shows the outline for the 
manufacturing method of a thin film recording head of this 
embodiment. The thin film recording head of this embodiment 
is manufactured as follows: a lower magnetic pole front end 
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layer 19 and a lower magnetic pole rear end layer 20 are 
formed in Fig. 4; then the gap therebetween is filled with a 
lower non-magnetic insulating layer 21; the surface of the 
insulating layer 21 is planarized by polishing; and, further, 
a recording gap layer 6 is formed on thereon. 
[0026] 

Fig. 10(a) shows the vicinity of the head front end in 
the state in which a recording gap layer 6 has been formed, as 
viewed from an air bearing surface 15. A protrusion 24 of the 
lower magnetic pole front end layer 19 is formed on a lower 
magnetic pole main layer 18, a lower non-magnetic insulating 
layer 21 is filled on both sides thereof and the recording gap 
iayer 6 is formed thereon. Then, as shown in Fig. 10(b), a 
track portion 8 of the upper magnetic pole front end layer is 
formed over the protrusion 24 . 
[0027] 

Further, as shown in Fig. 11(c), the lower non- magnetic 
insulating layer 21 and the recording gap layer 6 made of 
oxides are selectively etched by reactive ion etching etching 
(RIE) to form a step d between the upper end face of the 
protrusion 24 and the upper end face of the lower non-magnetic 
layer 21. In this case, when Al series oxides such as Al 2 0 3 
are used for the lower non-magnetic insulating layer 21 and 
the recording gap layer 6, a chlorine series gas such as BC1 3 
is used as an etching gas. Further, .in a case of using Si 
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series oxides such as Si0 2 for the non-magnetic insulating 
layer 21 and the recording gap layer 6, a fluorine series gas 
such as CF 3 or CF 4 is used. Therefore, since an etching rate 
ratio as high as 10 to 100 is attained between the magnetic 
metal layer used for the protrusion 24 and the lower non- 
magnetic insulating layer. 21 and the recording gap 6, the step 
d for the lower non-magnetic insulating layer 21 can be formed 
easily. 
[0028] 

Then, as shown in Fig. 11(d), the upper surface of the 
protrusion 24 is removed by ion milling or the like using the 
track portion 8 of the upper magnetic pole front end layer as 
a mask. Thus a trimmed portion 22 is formed. Further, since 
the step d with respect to the lower non-magnetic insulating 
layer 21 is present, upper end corners 25 in the protrusion 24 
are removed by portions corresponding to the width Aw and the 
depth Ah. 
[0029] 

In a case of conducting ion milling in Fig. 11(d) 
without forming the step d for the non-magnetic insulating 
layer 21 by using RIE in Fig. 11(c), since the etching rate 
for the Al series or Si series oxides used for the lower non- 
magnetic insulating layer 21 is slower as compared with the 
etching rate for the magnetic metal layer used for the 
protrusion 24, the upper end corners 25 of the protrusion 24 
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can not be removed. 
[0030] 

On the other hand, in a case of using an organic 
material such as a photoresist for the non-magnetic insulating 
layer 21, since the etching rate by the ion milling is higher 
for the organic material* such as the photoresist as compared 
with the magnetic metal film, the upper end corners 25 of the 
protrusion can be removed as desired by conducting ion milling 
in Fig. 11(d) without providing the step d with respect to the 
lower non-magnetic insulating layer 21. In a case of using 
the photoresist for the lower non-magnetic insulating layer 21, 
it is necessary to remove the photoresist after forming the 
upper magnetic pole front end layer 8 and fill a non-magnetic 
insulating layer such as Al 2 0 3 again, thereby preventing 
exposure of the photoresist to the air bearing surface 15. 
[Fourth Embodiment] , [Fifth Embodiment] 

Each of the embodiments described above according to 
the invention illustrates an example based on the thin film 
recording head in which the lower magnetic pole front end 
layer 19 shown in Figs. 4 and 5 is present. However, also in 
a case of disposing a protrusion 24 on a lower magnetic pole 5 
as shown in Fig. 12 and Fig. 13 based on the thin film 
recording head with no lower magnetic pole front end layer 
shown in Fig. 3, the effect of decreasing the off -track 
leakage magnetic fields can be obtained in the same manner as 
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in each of the embodiments (Fourth Embodiment) . 

Further, Fig. 3 and Fig. 4 show a recording/ reproducing 
separated type magnetic head in which the lower magnetic pole 
and the upper magnetic field are used in common. However, as 
shown in Fig. 14 and Fig. 15, there may be adopted a so-called 
piggy-back structure in which the upper magnetic shield 26 is 
separate from the lower magnetic pole 5 or the lower magnetic 
pole main layer 18 and a separation layer 27 made of a non- 
magnetic material is disposed between them. This can decrease 
leakage of recording magnetic fluxes from the lower magnetic 
poles 5, . 18 to a reproducing element 4 to prevent instability 
of read output (Fifth Embodiment) . 

The recording/ reproducing separated type magnetic heads 
shown in Fig. 12 and Fig. 13 show an example of a piggy-back 
type in which a separation layer 2 7 is provided. 
[0031] 

The lower magnetic pole front end layer 19 or the lower 
magnetic pole 5 provided with the protrusion 24 in Embodiments 
4 and 5 is preferably prepared by a so-called frame plating 
method or pattern plating method. In these methods, a 
conductive seed layer is formed on a substrate to which the 
lower magnetic pole front end layer 19 or the lower magnetic 
pole 5 is to be formed by a sputtering method or the like and 
then a photoresist is coated further thereon. Then, the 
photoresist is exposed through the mask and then developed to 
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remove a portion to form the shape of the lower magnetic pole 
front end layer 19 or the lower magnetic pole 5 having the 
protrusion 24, and a magnetic, layer to serve as a magnetic 
pole front end layer 19 or the lower magnetic pole 5 is formed 
to the portion by an electric plating method. 
[0032] ' 
The frame plating method is a method of forming a 
frame- like resist having a certain width so as to surround the 
desired shape of the magnetic pole, while the pattern plating 
method is a method of forming a resist pattern in which the 
resist shape is not a frame like shape, the magnetic pole has 
a concave shape and the periphery is constituted with the 
resist. Any of the methods is suitable for a method of 
manufacturing the width Lpfw for the protrusion 24 and the 
retraction amount Lpfd of the lower magnetic pole front end 
layer 19 or the lower magnetic pole 5 with a good accuracy. 
Further, a lower magnetic pole front end layer 19 or a lower 
magnetic pole 5 with no protrusion 25 may be formed by a 
plating or sputtering method and an unnecessary portion may be 
removed through a mask by ion milling or the like to form a 
protrusion 24. 
[0033] 

In the thin film recording heads of Embodiments 4 and 5, 
since the magnetic film constituting the protrusion 24 is a 
principal portion which is in contact with a recording gap 
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together with the upper magnetic pole front end layer 8 to 
generate recording magnetic fields, it is necessary to use a 
magnetic material of high saturation magnetic flux density. 
Specifically, the material includes an FeCo layer or a 
magnetic layer containing a smaller amount of N, Ni and the- 
like contained therein in order to increase corrosion 
resistance. They have a high saturation magnetic flux density 
up to 2.4T at the maximum. Further, CoNiFe film can provide a 
high saturation magnetic flux density ranging from 1 . 8T to 
2.4T by controlling the composition. Further, an FeNi layer 
containing 50 wt% or more of Fe can provide a high saturation 
magnetic flux density of 1 . 6T or more. 
[0034] 

The layers described above may form the lower magnetic 
pole top layer 19 or the lower magnetic pole 5 by a single 
layer but it is also possible to constitute the same with two 
or more layers in which a magnetic layer having a high 
saturation magnetic flux density such as an FeCo layer can be 
used for the upper layer of the lower magnetic pole front end 
layer 19 or the lower magnetic pole 5 in contact with the 
recording gap, while a layer having a saturation magnetic flux 
density lower than the FeCo film has but having higher 
corrosion resistance such as a CoNiFe or 4 6NiFe layer can be 
used for the lower layer of the lower magnetic pole front end 
layer 19 or the lower magnetic pole 5. 
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[Sixth Embodiment] 

Fig. 16 and Fig. 17 show a sixth embodiment of the 
invention. An example of using a lower magnetic pole front 
end layer 19 is shown, but the situation is identical in a 
case only consisting of the lower magnetic pole 5 with no 
lower magnetic pole front end layer 19. In this embodiment, 
the lower magnetic pole front end layer 19 comprises a 
plurality of layers and a protrusion 24 is formed only on the 
upper layer 28 of the lower magnetic pole front end layer as 
shown in the drawing. Also in this case, since a portion of 
the upper end surface 23 of the lower magnetic pole front end 
layer 19 exposed to the air bearing surface 15 is spaced apart 
from the recording gap, off-track leakage magnetic fields can 
be decreased. 

[0035] 

Fig. 18 and Fig. 19 show an example for the method of 
manufacturing a thin film recording head of this embodiment. 
Fig. 18 is a view in which the vicinity for the lower magnetic, 
pole front end layer is viewed from the air bearing surface. 
As shown in Fig. 18(a), a lower layer 29 of the lower magnetic 
pole front end layer is formed on a lower magnetic pole main 
layer 18 by the frame plating method or pattern plating method, 
a lower non-magnetic insulating layer is filled and planarized, 
and a magnetic layer to serve as an upper layer 2 8 of the 
lower magnetic pole front end layer is formed thereon. The 



upper layer 28 of the lower magnetic pole front end layer may 
be formed by using the same frame plating method or pattern 
plating method as described above but planarization by 
polishing is required again. 
[0036] 

While a relatively high accuracy is required for the 
thickness of the upper layer 2 8 for the lower magnetic pole 
front end layer in order to suppress variations in the 
recording characteristics, polishing is not always 
satisfactory in view of the accuracy for the film thickness. 
Accordingly, a so-called lift-off method is used in this 
embodiment. As , shown in Fig. 18(b), a resist pattern 30 
having a width for the upper portion larger than the width for 
the lower portion is formed on the magnetic layer of the upper 
layer 28 of the lower magnetic pole front end layer, for 
example, by a two-stage resist method or the like. The resist 
pattern 3 0 has substantially the same shape as that of the 
upper layer 28 of the lower magnetic pole front end layer 
having the protrusion 24. 
[0037] 

Then, as shown in Fig. 19(c), an unnecessary portion of 
the magnetic layer 28 of the upper layer of the lower magnetic 
pole top layer is removed by ion milling or the like using the 
resist pattern 30 as a mask to obtain a shape of the upper 
layer 28 of the lower magnetic front end layer having the 



protrusion 24. Then, as shown in Fig. 19(d), a non-magnetic 
insulative film 21 is filled in a portion previously removed 
with the magnetic layer by a sputtering method or the like 
using the resist pattern 3 0 as a mask to provide the upper 
layer 28 of- the lower magnetic pole front end layer and the 
non-magnetic insulating layer 21 of substantially planar shape 
Further, the thin film recording head of the embodiment can be 
obtained by removing the mask pattern 30, forming the 
recording gap layer 6 and applying the same subsequent methods 
as those shown in Fig. 10 and Fig. 11. 
[0038] 

In this embodiment, a plated layer may be used for the 
magnetic layer used in the upper layer 28 of the lower 
magnetic pole front end layer but a sputtered layer may also 
be used. In a case of using sputtered layer, FeCoAlO series 
magnetic layers or FeCoN series magnetic layers which can not 
be used for the plating layer can be used and corrosion 
resistance can be improved. 
[0039] 

Each of the embodiments of the invention described 
above shows an example in which conductor coils comprise two 
layers and surround the upper layer rear end 16 of the upper 
magnetic pole but the conductor , coils may comprise one layer 
or three layers. Further, as shown in Fig. 20, a constitution 
may be used in which lower layer conductor coils 12 are 



present between the upper magnetic pole front end layer 8 and 
the upper magnetic pole rear end layer 9 and surround the 
upper magnetic pole rear end layer 9 while the upper layer 
conductor coils 12 ' surround the upper layer rear end 16 of 
the upper magnetic pole, or a constitution may be used in 
which the lower layer conductor coils 12 are present between 
the lower magnetic pole front end layer 19 and the lower 
magnetic pole rear end layer 2 0 and surround the lower 
magnetic pole rear end layer 20 (not illustrated) . 
[0040] 

Further, as shown in Fig. 21, a constitution may be 
used in which lower layer conductor coils 12 are present 
between the lower magnetic pole front end layer 19 and the 
lower magnetic pole rear end layer 20, while upper layer 
conductor coils 12 ' are present between the upper magnetic 
pole front end layer 8 and the upper magnetic pole rear end 
layer 9 and, further, a constitution comprising only the lower 
layer conductor coils 12 in Fig. 21 may be used. Since the 
conductor coils are not present in the portion for the upper 
magnetic pole upper layer 13 in Fig. 21, the upper magnetic 
pole upper layer 13 has a planar shape. This is advantageous 
for the improvement in the high frequency characteristics 
since the substantial circumferential length of a magnetic 
circuit is short. 
[0041] 
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■ Further, in the example of Fig. 22, the lower magnetic 
pole comprises the lower magnetic pole front end. layer 19, the 
lower magnetic . main layer 18, and the lower magnetic pole rear 
end layer 20, while the upper magnetic pole has no front end 
layer but includes only the planer upper magnetic pole upper 
layer 13 and the head end forms the track width. The 
conductor coils 12 are disposed between the lower magnetic 
pole top layer 19 and the lower magnetic pole rear end 20. In 
the constitution described above, since the circumferential 
length of the magnetic circuit can be shortened, this ..is 
advantageous for the improvement in frequency characteristics. 
Also in this constitution, the off-track leakage magnetic 
fields can be decreased and decays of signals in adjacent 
tracks can be prevented by providing the protrusion on the 
lower magnetic pole front end layer 19 and retracting the 
lower magnetic pole front end layer 19 other than the 
protrusion from the air bearing surface like in each of the 
embodiments . 
[0042] 

In each of the embodiments according to the invention 
described above, the effect of reducing the off-track leakage 
magnetic fields without lowering the recording magnetic fields 
in the thin film recording head can be obtained at any track 
width, and it can provide excellent effect, particularly, in a 
region of a narrow track width with the track width of 0.3 |Lim 
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or less, and a track pitch at 70 kTPI or more, which will 
create a significant problem in terms of the recording 
magnetic field intensity and off -track leakage magnetic fields. 
Further, it can^provide an excellent effect when incorporated 
into a magnetic disk drive using a high coercivity medium 
having a recording medium coercivity of 279 kA/m (3500 Oe) or 
more . 
[0043] 

A magnetic disk drive which mounts any of the 
recording/ reproducing separated type magnetic heads of the 
embodiments described above comprises a magnetic recording 
medium and a motor for driving the same, a mechanism for 
positioning the recording/reproducing separated type magnetic 
head, circuitry for controlling the above elements, and 
circuitry for. supplying recording signals to the 
recording/ reproducing separated type magnetic head. and 
processing read signals from the recording/ reproducing 
separated type magnetic head, and provides a magnetic 
recording medium coercivity of 279 kA/m (3500 Oe) or more and 
a track pitch of 70 kTPI or more. 
[0044] 

Further, the present invention also provides an 
excellent effect in magnetic disk array apparatus incorporated 
with a magnetic disk drive using the recording/ reproducing 
separated type magnetic head of- the invention. 
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[0045] 

Features for the method of manufacturing the thin film 
recording head in the recording/ reproducing separated type 
magnetic head according to the invention as has been described 
above is summarized as below. 
[0046] 

The lower magnetic pole 5 or the lower magnetic pole 
front end layer 19 including the protrusion 24 is formed by a 
frame plating method or a pattern plating method. 
[0047] 

The portion of the lower magnetic pole 5 or the lower 
magnetic pole front end layer 19 retracted from the air 
bearing surface 15 is filled with Al- containing oxides, and 
the filled oxide layer 21 is etched selectively by a reactive 
ion etching method using a boron series gas, to provide a step 
d between the upper end surface of the protrusion 24 and the 
upper end surface of the oxide layer 21. 
[0048] 

Further, a portion of the lower magnetic pole 5 or a 
portion of the lower magnetic pole front end layer 19 
retracted from the air bearing surface 15 is filled with an 
Si-containing oxide, and the filled oxide layer 21 is etched 
selectively by a reactive ion etching method using a fluorine 
series gas, to provide a step d between the upper end surface 
of the protrusion 24 and the upper end surface of the oxide 



layer 21. 
[0049] 

An unnecessary portion of the magnetic layer of the 
upper layer of the lower magnetic pole 5 or the lower magnetic 
pole front end layer 19 is removed by using a resist pattern 
3 0 as a mask and a non-magnetic insulating layer 21 is formed 
on a removed portion using the identical resist pattern 3 0 as 
a mask such that the upper surface of the upper layer of the 
lower magnetic pole 5 or the lower magnetic pole front end 
layer 19 and the upper surface of the non-magnetic insulating 
layer 21 are substantially planarized. 
[Effect of the Invention] 

As has been described above according to the present 
invention, the off -track leakage magnetic fields can be 
decreased greatly to provide a recording/ reproducing separated 
type magnetic head capable of attaining a narrow track pitch, 
by providing a protrusion on the lower magnetic pole front end 
layer or the lower magnetic pole of the thin film recording 
head in the direction of the air bearing surface. 
[Brief Description of the Drawings] 
[Fig. 1] . 

Fig. 1 is a perspective view of a thin film recording 
head of a recording/ reproducing separated type magnetic head 
according to a first embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
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[Fig. 2] 

Fig. 2 is a perspective view of a thin film recording 
head of a recording/reproducing separated type magnetic head 
according to a second embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
[Fig. 3] 

Fig. 3 is a cross sectional view of a conventional 
( recording/ reproducing separated type magnetic head. 

[Fig. 4] 

Fig. 4 is a cross sectional view of a conventional 
recording/ reproducing separated type magnetic head. 
[Fig. 5] 

Fig/ 5 is a perspective view of a thin film recording 
head of a conventional recording/reproducing separated type 
magnetic head shown in Fig. 4, as viewed in the direction of 
an air bearing surface. 
( [Fig. 6] 

Fig. 6 is a view comparing off -track leakage magnetic 
fields between a thin film recording head according to the > 
first embodiment of the present invention and the conventional 
thin film recording head. . . 

[Fig. 7] 

Fig. 7 is a view comparing off -track leakage magnetic 
fields between the thin film recording head according to the 
second embodiment of the present invention and the 



conventional thin film recording head. 
[Fig. 8] 

Fig. 8 is a. perspective view of a thin film recording 
head front end of a recording/reproducing separated type 
magnetic head according to a third embodiment of the present 
invention. 
[Fig. 9] 

Fig. 9 is -a graph showing off -track leakage magnetic 
fields of the thin film recording head of the 

recording/ reproducing separated type magnetic head according 
to the third embodiment of the present invention. 
[Fig. 10] 

Fig. 10 is a view showing a method of manufacturing 
the thin film recording head of the recording/reproducing 
separated type magnetic head according to the third embodiment 
of the present invention. 
[Fig. 11] 

Fig. 11 is a view showing a method of manufacturing 
the thin film recording head succeeding to Fig. 10. 
[Fig. 12] 

Fig. 12 is a perspective view of a thin film recording 
head of a recording/reproducing separated type magnetic head 
according to a fourth embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
[Fig. 13] 
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Fig. 13 is a perspective view of a thin film recording 
head of a recording/ reproducing separated type magnetic head 
according to a fourth embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
[Fig. 14] 

Fig. 14 is a cross sectional view of a 
recording/reproducing separated type magnetic head according a 
fifth embodiment of the present invention. 
[Fig. 15] 

Fig. 15 is a cross sectional view of a 
recording/ reproducing separated type magnetic head according a 
fifth embodiment of the present invention. 
[Fig. 16] 

Fig. 16 is a perspective view of a thin film recording 
head of a recording/ reproducing separated type magnetic head 
according to a sixth embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
[Fig. 17] 

Fig. 17 is a perspective view of a thin film recording 
head of a recording/ reproducing separated type magnetic head 
according to the sixth embodiment of the present invention, as 
viewed in the direction of an air bearing surface. 
[Fig. 18] 

Fig. 18 is a view showing a method of manufacturing 
the thin film recording head of the recording/reproducing 



separated type magnetic head according to the sixth embodiment 
of the present invention. 
[Fig. 19] 

Fig. 19 is a view showing a method of manufacturing 
the thin film recording head succeeding to Fig. 18. 
[Fig. 20] 

Fig. 20 is a cross sectional view showing an example 
for the arrangement of conductor coils applied to each of the 
embodiments according to the present invention. 
[Fig. 21] 

Fig. 21 is a cross sectional view showing- an example 
for the arrangement of conductor coils applied to each of the 
embodiments according to the present invention. 
[Fig. 22] 

Fig. 22 is a cross sectional view showing an example 
for the arrangement of conductor coils applied to each of the 
embodiments according to the present invention. 
[Description of Symbols] 



1: 


substrate 


2 : 


lower magnetic shield 


3 : 


reproducing gap 


4 : 


reproducing element 


5: 


lower magnetic pole 


6: 


recording gap layer 


7 : 


depth defining non-magnetic layer 
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8: 


upper magnetic pole front end layer. 






9: 


upper magnetic pole rear end layer 






10: 


non-magnetic insulating layer 




- 


11: 


conductor coil insulating layer 






12 : 


lower layer conductor coil 






12 » 


: upper layer conductor coil 






13 : 


upper magnetic pole upper layer 






14 : 


protection layer 






15 : 


air bearing surface 






16 : 


rear end of upper magnetic pole upper layer 




17 : 


recording medium 






18 :- 


lower magnetic pole main layer 






19 : 


lower magnetic pole front end layer 






20: 


lower magnetic pole rear end layer 






21 : 


lower non-magnetic insulating layer 






22 : 


trimmed portion 






23 : 


front end surface of lower magnetic pole 


front end layer 


24 : 


protrusion 






25 : 


front end corners for protrusion 






26: 


upper magnetic shield 






27 : 


separation layer 






28: 


upper layer of lower magnetic pole front 


end 


layer 


29: 


lower layer of lower magnetic pole front 


end 


layer 


30 : 


resist pattern 






Tw: 


track width 
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Gd: gap depth 

GL: gap length 

Tr: trim height 

Lpfw: width for protrusion 

Lpfd: retraction amount of lower magnetic pole or lower 

magnetic pole front end layer 
Lp2h: height for lower magnetic front end layer 
Ly: magnetic pole extending position for the upper layer 

magnetic pole front end layer 
Uplt: thickness for upper magnetic pole front end layer 
Up2t: thickness for upper magnetic pole upper layer 
Lplt : thickness for lower magnetic pole main layer 
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[Name of Document] Abstract 

[Abstract] 

[Object] 

A recording/reproducing separated type magnetic head 
having a narrow track thin film recording head having high 
recording magnetic fields and low off-track leakage magnetic 
fields, and suitable for narrow track pitch is provided. 
[Solving Means] 

A protrusion 24 having a width Lpfw equal to or 
somewhat larger than a track width Tw and protruding to the 
air bearing surface is provided on a lower magnetic pole 5 or 
lower magnetic pole front end layer 19. The lower magnetic 
pole 5 or the lower magnetic pole front end layer 19 other 
than the protrusion is retracted by Lpfd from the air bearing 
surface 15. With the constitution,, since the upper end 
surface 23 of the lower magnetic pole 5 or the lower magnetic 
pole to end layer 19 that generates the leakage magnetic 
fields in the off -track portions is not exposed to the air 
bearing surface 15, the leakage magnetic fields Hxz in the 
off -track portions can be decreased greatly. 
[Selected Figure] Fig. 1 
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[0013] 
[0 0 14] 

*mw(Dm i <DmffiM\z&z>mmn£.ftMmmm t '\y wmimmm^y 
&iEm<D&um&muz7x-ro *\y Fmw&mmzmitmmT&Zo *m 
tot@£® i 8 , rmmm^m 1 9 , ±mmm^mm 8 , _tg»s± 

2 4*mrtZ>o Z\(DM&. 3§{M2 4«^0TliI«l 1 9«i*±®«fct)S! 



F0 2-fcjST. T§B«ail 9^h^^^ip§Tw^O/£Vii|iLpfw^Wr§0l 
fclifiB 2 4 gSffiSB 2 4 ©T^II$feai 1 9 £#±®fr £fig«!Lpfdfctt& 

[0 0 15] 

jam, |B^^^ ^7°*GL=0. lAtm^^^^7 0 XGd=l//m, h U Ai^£Tr=0. 22*t 
m, TgPa«Bi«^Lp2h=1.5/zm, ±^fiBffi&B&BLy=l # du T^M^SmiPLp 
lt=2tfnu ±gBffi^BMJPUplt=1.5Mm, ±8B«fii±®J|gJ?Up2t=2Mmtbfc 

±mm^m 8 ictecoNiFeflg(Bs=2. 2D zmwco mmijuo. uMtvrco s 

[0 0 16] 

*y h^^/^te«Z=0.5AtmT©a#^320kA/m(40000e)i:^<, $ 

»My HOJ:-5tC^tt}g|5 2 4SMlfe«^, Lpfd^O. 15 //m#> £0. 5 AimCD^ 
n©»^fet7 h7y#T?©&im;M@fctt4>:U Z=0.5AimT(D^#tt220kA/m 
(27500e)£TF<b&5o 
[0 0 17] 

Z\<D£o\zmi\tiW[>2 Aifit&m 5 \Z7K~?^y FlC&^Tte, _LSfl&«$fc$BJi 8 



^mm. mm-r % t.^? ^m^mzim. u m h ? y 9 \± y ^<Dmmmm 

CO 0 1 8] 

£ \z tot, ±SBM$feSJl 8£^X^£LT^>5U>^ci;D^ffiS&24£^ 
U ^©±t'_h«@5fe^)i8^j^^r§c TOT 

ran 9 0)±<Dmm3f*yz?m6±\zuzsx b^Mru tms^i 1 
9 (DWtmztz&^ufr*-?^? *mvxm%. mmvxm^v^ $^>tiiL 

[0019] 

in 2 \z7n-£*iz>*mm<D'm 2 <Dii»trai, ^mss 2 4 ©iHLpfw^ h ^ y ?m 

TwiD^<Mt§. £©±t±OT@«)I8£^J&Lfc^> ±OTM 
^«8(Dh^^gB£^X^<hbT^:*->5 U >^(CcbD h U Ag&2 2 
U TOT^H^/1 19© h U AnB2 2 C0iH^±M@$feSB 8 <D h ^ >;/ ^IT 
w£«&l^££i:££5K:t- ^•©fficD^^tulH^lcD^igM.hlpIDT^^ 

o 

[0 0 2 0] 

HI 7 (3, TSBM^Jil 9(D^tHgP2 4(Di|ilLpfw^^bL^<h#(7)^ : -^ h ^ 
7^iWHxz(Dff^^1-. iT^T, Lpfd=0. l5Mm<hb^o EKDJ;^, Lp 
fw^h^^^ipg (=0. 25 um) <fcf9 0.35Min-r^^^2.4fg^:^ViO. 

:b^3. 2{g*#^0. 8tf m<h Lfc.m&\Z\ZLpfd=0-tts:t>-£>mihffi 2 4 £IS:tt&^ij§ 



[0 0 2 1]. 

^ m&MRH xz &«rr £ n t # § . 

[0 0 2 2] 
[0 0 2 3] 

3^*, tom^s i 8 &z>ws.Tw&m9emm 1 9 i±^M^« 1 3 & $ 

j?±®)5§l:loT, h^^^iHTw*5J:tX0imgP2 4©i|iMLpfw c kD^: 

*Ptth7!y^"l@Twfe < k^mgB2 4<Z)i|®LpfwJ;0^<> LpfdJ^TtfMifiTte 

[0 0 2 4] 

[H«J3] 

8\Z7jk-? 0 i3©^IMTH ^ffiSB 2 4 <LT, 
<h©'&fc'&K^&!»JRb^-r<-r Sfc*^, 4(D±«^g|52 5^ Aw 



LT£3o 0 9 lCLpfd=0. 15 /zm, Lpfw=0. 8 At mi; l/fci^Ot7 h7!y ^M^fflS 
#Hxz^^.-To m<D£5\Z. Aw=0, Ah=0<D*^{Cit$^LT, Aw, Ah£*#< 
t§ i tCi 0 17 h 7 7 ^1 WHxz^W?. ^ i^tB*§. tot, EI 
2^^b^SI^J2(D^SH^^ F^*5^X, ^fcBg&2 4 <Z)i|>gLpfw£ h ^.y ^ 
HTw<t DO. 55 Mm7v#l/^Lpfw=0. Sfimt Lfc^K&^T ^ffiBB 2 4 <D±3?§ 

£ (D^fi^i* \Zft "5 H t #liJ3fe § o 
[0 0 2 5] 

*mfiM©*JKg2»^y K©«jfefrjfc©«lfr&H 1 0 RtfB 1 1 t^to ^ 

tTF-gPfiss^ig® 2 o &M&\sit&. znzcDmm&Tmm&mmm 2 1 th 

[0 0 2 6] 

111 1 0 (a) teies^ ^ -/« 6 &mf&isrzvtm&&±m 1 5 frp>M.rc\ v y% 

Sifi§^^t. TMSili 8©±t:TMSMi 9©»2 4« 

$nx43D, ^©MiBfUT^itt^ii 2 1 aauwistt, z\n^(D±\ztm 

^t77 s 16«$tiTi^. ^Hl0(b)l^tJ:5i:, ±ffl»sa^4tS' 
<Dh^y^gB#8£3lfflg&2 4©±CMt.5. 
[0 0 2 7] 

SSfcl, 0 1 1 (c) \Z^-T <fc 5 \Z. UT^t-W ^-r^->Xy^>^(RIE)tC«fcD 

^>^U ^ffigB2 4©±SHBitTaB#aatttilft»JB2 l©±Sgffii:©WlC©:lld 
SMtS. iOi^, T«ai4^®2 l*«fctWE»^^^yji6SAi 1 0 l 

%©ai MmtW) &m v^a-g-tcttx y 5=- > £ ltbcl^ ^fosi^^x & 

^ffltS. Sfc, T^#^iS5fe^B2 l*«fcrWE»*^y^)i6K:SiO I «:^©Si 
^^b^fflV^c^Kte, CF,&5^«CF 4 fc£©:7y&«#*£fcJBT5. £ 
tlKitK 2 4 t«[fflt**«»tttttT«*«ttlfi»i 2 l':fe«fctflBft 



[0 0 2 8] 
[0 0 2 9] 

^ uT, mi i (c)\z&^TR\E&m^xTmm&mmm2 i<D&m&Mf& 

12 i izm^zkm&rc.mmmkM<DJLy^>yu—h-t)mmffi2 4\zm^z> 
^mm^m<Dxy^>^u-h\zitm\^xm^Tctb\z. &m&2 4<D±mM&2 

[0 0 3 0] 

5Xyf>^l/-h^^^, RIEtc«t0TgB#fi8i*#6»®2 1 tCQaUd^ 

mau±iSASB2 5 (Dmtt&fro £ <ta*T#5o Tmmvtmmm2 1 ^it7* 

h **• ttJT £ © £ £ . 

*fg^©±i2#nKSMt*5ViTtt; Ei4^cfc^s 5 izTikisit-FBmmKmm 1 

9*^fiETS»IKIB»'\y K&SfcUfcM&^bfcj&J, B3fcj*b&TfiBHHHI$fc 

vi»«tia»'\y Hi2*«tt;0i3o«k3t, rmmmsiz 
*«#&n5. (H»J4)' 



[0 0 3 1] 

mmm 4 roc 5 o&mm 2 4 &3»t*fcT«««$fcitMi 1 9 & zwzT&mu 5 

1^0 z\n^<D^mxn. rmmm^mi 9 $>z>w*T&mm 5 
mmzmm^<Dy-^m^7,/^v^ , j >tfmm\z&vMf&v, zt>\zz\<D±.\z? 

^M/yXh^iW. mz. ^7s2*mVX7*YW7.V*:m%. mmi> 
[0 0 3 2] 

Vi-rncD^feTfe, ^WBB2 4©iffiLpfw* t ktrFSPfflt.ffi5feig® 1 
^tt}g&2 4©fcV>TfMffi5feiSJi 1 9&5V>«T$l&«5£;*y^8;a&£ 

^=kD^*bT^m^2 4*MbTfe«fcK 
[0 0 3 3] 

mm^mm8tthiztm^^^y°\zmLx$mm^B^T^m^-v$>^ 



[0 0 3 4] 

itl^OilMTTMiM 1 9 *S W;TF«fl** 5 SMl/Tfe«fcV> 

TMi^Il 9^^.V>«TOT@5(DTJB^^«CoNiFe,46NiFe^^ 
co J: o \z^ FeComJ: D ttfifiPft«JK«fl[*tffiT-r-5*«Bfttt*««f ViJBt*ffiffl*r* Z. 

[^»J 6 ] 

ervh-rmmmftwm 1 9 ©±^® 2 3 aw±® 1 5 i-sm-r^^fBi^ 

[0 0 3 5] 

#^2fBM©*fi$iE&'v.y K©$Si£#&<B0!l£0 1 8 ROT 1 9 ic^To m 1 8 
ttT«K«a^JB»i£»&*±®<fc»5^.fcHT**. 0 1 8 (a) \Z*T&? iz, T 

±®BB 2 8 (DBtfttz «MIB <*: I3&<2) 7 V- A ;* y *fifc& £ V> - v 
[0 0 3 6] 



$5. ^ot, *nmwT?m*t>$>z>vyb*7.m&m^z>o Hi8(b)ic*t 
&*>\z* T&mmft&m±MfSi2 8 0m^m±\z2^u^7,hmmz^v±^(D 

o 

CO 0 3 7] 

Wzm l 9 (cMd^Tck^K:, jtuiBl/^X h/\°^->3 om^iWt 
«82 4**-r*T««S5fe*S±»l82 8©^tt*«»&h*. SfcfcU 019(d) 
<hbTX/^^^U>y^^lC t fc^#fiS14*fei^»2 l£iS&jAtfo zmtCkO, 

TBBisatS5fe3se±saB2 8 £#tt&f&fMi 2 1 *Js^a»M^?>n5. £ 

[0 0 3 8] 

FeCoAlO&fiBffiK, FeCoN^aM^^fflT 

[0 0 3 9] 

;i/ 1 2 *i±^affi5fea»s 8 t±gp«tffi^i»® 9 <Dmz&^x±wmm&mm 9 & 
rau ±mmw^^)vi 2' *«±gBaffi±®^a»SB 1 6^^m-r^«^ 

Htt v TIi*3^JH 2^TOT@«® 1 9 <hTMIMI2 0©ra»c& 
oTT»««»«i 2 0 Sfl@t5l^*5 (H^-&*r). 
[0 0 4 0] 



Mf«Ji2 0(OT^&^ ±B##:zi-r;H 2' ^±^W$fe^«8 <h±gBa 

^wi.. 02 l ©#trte, ±^w±sgBi 3(D^tc^i]-r;i/^ 

[0 0 4 1] 

;n 2 «TguM^e 1 9 tywm&m&m 2 0 ©p B i^sBB$nT^^> 0 ^© 

mm-c&Zo z\(Dffimz&^xh. mt^mmmtmmizrmmm^mi 9iz 
&&m&mv. ^^n(Dr^mm^mi 9&n±.m£D&mis^z>z\t\z 

[0 0 4 2] 

f>n§^ mzb^ytrl&ifiO. 3 um&TF<Dmb7y?m<Dmmzf3LK), b^ 

temhifi 2 7 9 k A/m ( 3 5 0 0 O e ) K±©il§I*l#^f fflt^IIf 
[0 0 4 3] 

«&«>£-r5*8m£, z\nz&mmT&®&&&&mmm£ftMMMm<'\y b 



**fc&>5flU6fcs*v mmmm.mmm^<Dumtj^2 1 9 kA/m (3 5 0 ooe 

) £A±T*0, h^u/^kT^^7 0 kTP I £U:£*Err£. 
[0 0 4 4] 

[0 0 4 5] 

[0 0 4 6] 

^mgp 2 4 £^t? tot® 5 $> z> mty^mm^m i9^7k-A^^s 

[0 0 4 7] 

M<hMfEl£M5Ji'2 1 ©±^M<h©^t;iJ^ld£t£tt£o 
[0 0 4 8] 

y5P>^££9;fc^bfciHb#JJ12 1 £StiR#>KXu/^>^U fffl2^m^2 
4 ©±^MiMISM^jl 2 1 tf>±$S}® t<DmiZ&m. d £l£tt3„ 
[0 0 4 9] 

LUZ>£o\ZMf&TZ>o 



[HI] 

±®^ftfr£jlfc£M0T$>£o 
[02] 

[03] 
[04] 
[05] 

[06] 

[07] 

^ofilWEftk'vry K©^7 h 5 y ^ £Jt«lrt 5 

[08] 

3B©£«0T£3 O 

[0 9] 



[010] 

mi i] 
[mi 2] 

[013] 

[014] 
[015] 
[016] 

[017] 

[018] 

[019] 
[02 0] 
[02 1] 



[022] 

1 : mm 2 : Tfflffi.m.zs-JV F 3 : H*k*V y? 4 : H^*^ 
5 : TOT© 6 : Cft^^S 7 : x^«3tffl#«ttJi 

8 : ±mmm^m 9 : ±Bmm&mm 1 0 : #ai4*6^Ji 

1 1 : 1 2 : TIi*3-f;i/ 1 2 ' : ±®##:n-r;i/ 

1 3 : ±OT@±e 14: *£fIJB 1 5 : #±® 

1 6 : ±Bmm±m&ffl& 1 7 : IB»^ l 8 : TI«teJi 

1 9 : 2 0 : TSW&ffi&SB/i 2 1 : Tmm&tmm 

2 2 : h U ASB 2 3: T^JM^J1±3b}® 2 4 : ^ffigB 

2 5 : &mB<D±WftB 2 6: ±OTM>— ;PH. 2 7 : #8tJl 

2 8 : T8NftKfttfM±Jlffi 2 9 : TM®^«iTI^ 

3 0 : — > 

Tr : h»JAS5$ Lpfw : ^HiM 
Lpfd : TSBfflaEffi*fe«TaP«ffi^JB®^iga 

L P 2h : TBMm!fcffim<DMZ L y : ±Mrai©Iil2^DtB 
Uplt : ±gBS8ffi$fc«&Jia>J3$ Up2t : 
Lplt : TgBflfcffi£S©J?S. 



mm&] mm 



[02] 




[04] 




m5] 




[H6] 



HI6 



Lpfw=0.25 




0 -l « — ■ 1 1 : 1 

0.00 0.12$: o.50 1.00 1.50 

z(um) 



[IS 7] 



mi 



Lpfd=0.15 




0 I « -J 1 1 

0.00 0-J25~ 0.50 1.00 1.50 

z(A/m) 



[0 8] 




24 



[09] 



Lpfd=0.15,l_pfw=0.8 



800 




Aw=0, Ah=0 
Aw=0.13,Ah=0.08 
Aw=0.13,Ah=0.14 
Aw=0.18,Ah=0.14 
Aw=0.23.Ah=0.14 



0.00 0.125" 



0.50 1.00 
z(u m) 



1.50 



mi o] 



m 10 




[mil] 



m 11 

(c ) 




mi 3] 

S 13 




m 1 4] 



mi 5] 




m i6 




13 




17 




mi 8] 

0 18 

(a ) 




mi 9] 



m 19 

(c ) 




[02 0] 




[02 1] 




mm] 
mm] 

vi«Lpfwswrs»±iSMJc^Hi-rs^aisi5 2 4*t9:tt5. ^tfjaB&w©Taw8 

@5&3l>«TM@5fc3SB 1 9«^±I1 5<fc&Lpfdtf£tt&jI$i*£o -co J: 
[SftSJ HI l 



